Plant physiologists and others interested in the periodic accumulation and depletion of the reserve carbohydrates in plants have long recognized the need for a rapid method for the estimation of the readily available carbohydrate fraction. This is especially true in applied studies such as those concerned with the efficient management of pasturage or forage plants. Undoubtedly, many worth while projects of an applied nature have never been undertaken because of the lack of time to carry out the tedious fractionation of the individual carbohydrate constituents.
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H. WEINMANN (9) has recently published a method for the determination of the total available carbohydrates in plant material by a single determination. The present paper reports a summary of the studies on the analytical aspects of the method as well as its applicability to the study of the seasonal trends in the carbohydrate reserves in the storage orgalls of switch cane (Arundinara tecta), a plant readily grazed by eattle.
Methods
The samples were taken at monthly intervals, or oftener, from a restricted portion of a uniform stand of switch cane in the Hofmann Forest in eastern North Carolina. The cane averaged about four feet in height.
Small blocks of sod were dug with stems intact and washed free of soil. Roots were removed and discarded. Rhizomes (including the underground portion of the stems), aerial stems, and leaves were divided into separate samples: 250 grams each of stems and rhizomes and 150 grams of leaves.
To facilitate drying, stems and rhizomes were cut into short segments an inch or less in length. Leaves were collected only during the months when there was a reasonably abundant supply (June through December).
There was some variation in the drying procedure due to the equipment available. The first five samples (April through June, 1947) were held in an oven at 1000 C. for approximately onie hour and then dried to constant weight at 70°to 750 C. without forced draft. The remainder of the samples were dried under forced draft at 70°C. The collections were made at a point more than 100 miles from the laboratory and, therefore, several hours (usually 6 to 18) elapsed before the samples were placed in the drying oven. After the samples were dried, they were shipped to the The samples were prepared for the analytical work on carbohydrate content by grinding them in a miniature ball mill until the entire sample would pass through a 100-mesh sieve.
The WEINMANN (9) procedure for the determination of total available carbohydrates and the semi-micro method for the estimation of reducing sugars by the same author (10) formed the basic techniques. The details of the methods used for the determination of starch and for the extraction of sugars are given in a later paragraph.
Analytical studies Studies on the method for total available carbohydrates were directed especially at the deleading, hydrolysis, and enzyme digestion steps.
Several investigators (3, 4) have used di-sodium hydrogen phosphate in preference to potassium oxalate as a deleading reagent, claiming that 5, 740 feet while developing this method and he pointed out that it might be necessary to modify the condition of hydrolysis to avoid the loss of fructose at lower altitudes. Using a sample of highly purified levulose, we obtained a recovery of 102 per cent. after hydrolysis, proving that the conditions of the hydrolysis are not too severe, even at low altitudes.
We found that the use of "Clarase"' was preferable to dialyzed takadiastase for the enzyme digestion. The use of a 0.5 per cent. solution of this enzyme preparation not only avoided difficulties in dialyzing the solution, but also enabled us to use larger samples than those recommended by Weinmann. The use of these larger samples cut the dilution factors considerably and thereby increased the accuracy of the determinations.
The following precautions familiar to the carbohydrate chemist should be observed by the analyst using this method. (a) The treatment with lead salts and the subsequent removal of the excess is a critical step and two precautions recommended by LooMIs and SHULL (5) should be observed. First, do not add the lead salt to warm solutions, and second, do not allow the solutions to stand before filtering and deleading or the reducing sugars, particularly fructose, will be destroyed. (b) When neutralizing the solutions after hydrolysis, an excess of sodium hydroxide should be avoided as it will lead to the destruction of fructose. We added the sodium hydroxide solution dropwise until methyl red indicator began to change color and then added a drop or two of dilute hydrochloric acid.
Modifications of the semi-micro method for the estimation of reducing sugars Several modifications were made in Weinmann's method for the estimation of reducing sugars. A glass stirring rod was placed in the centrifuge tube to aid in the mixing of the sugar extracts and the Fehling's solution, and to aid in the washing and dissolving of the copper precipitate. We found that the precipitate was much easier to break up with the stirring rod than by the technique used by Weinmann. The stirring rod was washed off with hot water and placed in a small bottle during the centrifuging period. The precipitate was then given an additional washing to that recommended in the original method since much sharper end-points were obtained on some of the samples. SCHOORL and REGENBOGEN (7) and others (2) have found that the cuprous oxide precipitate undergoes rapid oxidation when dissolved in acidified ferric sulphate solution, resulting in unsatisfactorv results when the permanganate was standardized in the usual manner, but that satisfactory results were obtained if an aqueous solution of ferric sulphate was used to dissolve the precipitate and the acid added immediately before the titration. To avoid oxidation, the precipitate was dissolved by addition of an aqueous ferric ammonium sulphate solution. This solution was prepared by dissolving 240.9 grams of ferric ammonium sulphate in 600 ml. of water. The solution was filtered and an aliquot was acidified and titrated with standard permanganate, the calculated amount of permanganate was then added to reoxidize any ferrous ion that was present, and the solution made to a volume of one liter. Four ml. of this solution was used to dissolve the precipitate and 2 ml. of 1: 1 sulphuric acid by volume was added to the solution immediately before the titration.
To check the reproducibility of the results, the duplicates of each sample were analyzed in different runs. The deviation between duplicates averaged 1.84 per cent. on a total of 48 samples and 1.42 per cent. on the last 21 samples using the modifications pointed out above. This reproducibility is well within the 5 per cent. limit which is usually considered to be sufficiently accurate for studies of this type.
Application of the method to the study of carbohydrate reserves in switch cane We found that the only carbohydrates present in the switch cane plant as reserve materials are simple sugars and starch polysaccharides, fructosans and inulin being entirely absent. Total sugars and starch polysaccharides were determined on a number of samples to determine the deviation between the results obtained by the total available carbohydrate method and by the fractionation method.
The technique for the extraction of the sugars was a modification of that in the A.O.A.C. (1) methods for the extraction of sugars from feedstuffs and from plant material, i.e., we combined the more rapid extraction used for the feedstuffs with the higher percentage of alcohol used in the extraction of plant material (final percentage of alcohol to equal 80 per cent. by volume). The method is outlined as follows: 5 grams of finely ground material (100-mesh) was weighed into a wide-necked, rubber stoppered 250-ml. volumetric phosphoric acid flask. A small amount of calcium carbonate was added to neutralize any acidity and 125 ml. of 60 per cent. alcohol by volume was added (the alcohol was purified by refluxing over sodium hydroxide and then redistilled to remove any reducing substances present). The material was boiled for one hour. To avoid bumping, the mixture was stirred constantly with a stirring motor. A double loop of one-eighth inch glass tubing inserted into the neck of the flask served as an efficient condenser. The mixture was allowed to stand overnight and then made up to volume with purified, redistilled absolute alcohol, was mixed and filtered through S&S sharkskin filter paper. Two hundred ml. of the filtrate was pipetted into a 800 ml. beaker and evaporated to 20-30 ml. The evaporation time was reduced considerably by using a combination of infra-red lamps and a steam bath for the evaporation. The material was transferred to a 100-ml. volumetric flask and the beaker rinsed thoroughly with hot water, adding the rinsings to the flask. Enough saturated neutral lead acetate solution was added to produce a flocculent precipitate, the mixture was allowed to set for 15 minutes, was made to volume, and filtered through a dry filter. Sufficient potassium oxalate or di-sodium hydrogen phosphate was added to precipitate all of the lead. If potassium oxalate was used, the solutions were allowed to stand overnight in a refrigerator. The solutions were filtered again through a dry filter, and an aliquot was taken for the inversion to total sugars by the A.O.A.C. method (1) .
The methods available for the direct estimation of starch are either tedious or not entirely suitable for this type of material. Although, taka- Determination of total available carbohydrates, as measured by the single analysis employed in this study, appears to be adequate for detecting seasonal fluctuations in the food reserves of switch cane. It is anticipated that this method will also be useful for evaluating the effects of grazing treatments or other practices used in studies of switch cane management.
Summary
Studies of the analytical aspects of the method for the determination of the total available carbohydrates and the applicability of this method to the study of the carbohydrate reserves in the switch cane (Arundinara tecta) plant have been made. The method is well adapted to routine determinations, is much more rapid than the ordinary fractionation studies, and is suited to studies of the variations in the carbohydrate reserves of the Arundinara tecta plant.
